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eonciders successfully all aspects of muclear energy, -nc]@ﬂ.ng

/ Swmary: The drop model (Garmov's model) of a x'mcleus?4’l“""‘s
\ & of
oﬂ.-’jw non-central I’orCGS/\interaction, and permits one to obtairy relative

Hhe order of
M’MA&W to,\ma"nitude’”‘correct values of Dositiv:n:::irupole moments for a
!’"‘Pm large majority of nuclei., A small number;[\,of nuclei with negative

quadrupole moments can not be brought into the general scheme

with equal certainty.

(/3'3‘“> In a oreceding work /17 we indicated that positive quedrupole
moments of nuclei can be explained, within the fremevork of the so-called
drop model (Gamov's model),by non-central nuclear. forc?as/ —I-tramd shewed
wae—shown that non-central forces cen be added to the drop model
by introducing an additional "surface tension" which depends upon
the angle between the spin axis and the norm to the surface, e

considered the stable shape of the mucleus to be an ellipsoid of revolution

rotation of such tricity as determined bysthe condition
i

) o
of minimum total energy{/ordinary surface energy,—/‘ﬂsurface energy Aepe ndent urm

-gondihionsd—by non-central forces, and Coulomb energy.
The present work evaluates the ratio K X/ Ko 3 the
alpha's N\ end p( oaro "phenomenological® constants in the energy

whichs
expression per \mitAaurflco{}( .+U\$CM (n, 2/, A baaed on the
«ondition that the central and non-central forces are of the same

s . A—————/—"—'_——N
order of magnitude, ~The 3 theoretical values,Ywith the aid
of this ratic, of the qusdmpolo moments of heavy muclei are of the

same order of magnitude as observed experimental values,

The question concerning the sign of the quadrupole moment is
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alsc discussed. In selecting the sign of non-central forces,

the exchangeable pert of the general notential energy of the

' Lot nucleus, in accordance with the deuteron theory and with non-

f
' %]
central nuclear forces, if noted to be negative and/\causel 0"'

T vecorns €longated .
" the trndenca. of the nucleus tomw,

Nevertheless, if there is an unequal number of nrotons and neutrons

in the nucleus, then there Is also a "direct" non-central force of

interaction, vhich is a repulsion and favors a nezative quad=

! rupole moment. Thie nadirect" interaction Is proportional to the

snuarc of the £pin mumber {and the square of isotonic nurber) ,

Vs Py
! i while the "exchan;cWi8" reaction is pronortional to the spin number.

! The magnitude of the nezative quadrupole effec}j produced

' d? ndent Upon
: through "direct" non-central interection ir the

texchange" reaction,
Thus, the non-central forces cauce positive quadrupole

momente, as disclosed experimentally for most nuclei, Occasionally

the observed negatlive quadrupole moments are smaller in magni-

tude than the positive ones and can be explained by other-

reasons, A emall negative guadrupole effect is possibly caused ;

[N S a;‘ﬁ;
by the rotation of the nucleus. ' .
I. Order of magnitude of the quadruvole moment

The nucleus' model is taken to be & uniformly charged ellif— T

revolution
fcoid of Sobatden vhoce size equals that of an or

bit of rndius T oAl/ 3.
magalad
An a-priori possibility is that the nucleus is 'Lgaaﬂhﬁpﬁd, besides i

£lat and oblate, along the spin axis. Further, the spin density o
of particles (the difference of the density of particles with e § M.%,i

cpins, perallel and anti-parsllel to the a‘#axi;; is equal to the ,5:1“::"‘;‘3
resultant epin) is assumed to be stable in the entire volume e
of the nucleus, One can regard the spine of all particles as

parallel to the i—féxi;;‘ but:in addition to this,”‘tvhe méﬁﬁ value

of the spin particle is equal to $/A (i is the spin of the mucleus

in unite of ‘5/2).

CONFIDENTIAL

£ ;

N ey
Declassified in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-00039R000100020070-2



Declassified in Part - Sanitized Copy Appro'v.ed for Release 2012/04/06 : CIA-RP82-0039R000100020070-2

P

(O IDENTIAY

-

o> 2
The non-central nuclear forces, proportional to (d ,a@ r')/l‘ Y
"

<{ - ‘g, form an add:tional gurface energy. In our clarsical model
P due to
the energy f unit surface sevemaed—by there non-central forcee, @

can be written as:

2
“a'COS (n,Z) (1)
some

where n is the normal to the surface; hisﬂphenomenologﬂcal

ordin
quantity such as the/surface tension D(, of a drop nucleus, The
eccentricity € of the nucleus is obtained from the condition
that the total energy be a minimum and i determined by formulcs )}
derived from a previous work ﬁ_;, for lézlél from the following

equaticn:

2 ZHH A Nl =
%s(%+0.137& +"')+BK <45E +o q;’f (o] (2)
where B:—_(ggz/Srb)ﬁfﬂl’:O(a (3)

setting oy e
T,z 1,4 ° -10 cmAI.'rrro = 14 Mev 15], 46 obtain:

e == (ba o) [0.5- 0aZ/A " W

The quantity wzcan be evaluated from the fact that the
central and non-central forces are of the same order of magnitude,
in agreement with exieting theories of nuclear forces.

If only central forces are present, the ratio of surface
energy to potential energy due to these forces is of tre same
erder oi‘,magnj:tuaé as the ratio of the effective radius r, of
activity of nuclear forces to the nuclea:r. radius R, Assuming the

potential energy to be proportional to the umber of particles,

ve obtains s

4 A, [EA= 1R 5)
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roAl/3 and E, is the averae notential enersy ner narticle, ;

AT B

V«“ where R =
Hence?
T
‘Q (p- 2 4t = F, ©) it
I
Thslsurface energy due to non-central forces has,according to (5) i

' for tre case of a spherical nucleus, the value |

iz

s kel

Y= () A ey %

N the spinl!
Because ofleccentricities of nuclei, the value of Uy 1t of the i

N

rder of magnitude ae most non-spherical mclei, There is

face energy and the total potential i

same O
a relationshin betveen the sur
¢, which is similar to (5): i

energy due tc nan-central force

(At i = RS :

icle for non-

where E, is the average notential energy per part

wnder
central forces dming the camdition
asdon (ta) instead of A in (5), becauce

that the spins be parallel (1 = A).

The factor i is in expre

b
each particle has only ﬁﬁ”spin 1/A.

,/\ofv;».m Central and ncn-centrsl forces are of the same order of |
) magnitude E,~23Ez and on the basis of (£) and (5a) we have i
b 34 x A, ;::i//} (8

Hence instead of (4) we get:
-1
g2= (/N (o.;——o,OIZ'L/A) (9)

#4th this value of eccentricity we estimate the micleus’
ly-charged ellipeoid of mﬂ

by means of tre formula followings

quar‘rupole moment for a uniform

with charge ;’

9 a= e zA e " o
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o E & %o obtain
B . g 2 -/ :
1 ) Q= 52 (W) [1-0e2Z/a]™
- bl
where T3 ~10"%6 or?, For existing hezvy miclei this formula i

] ;ives the quadrupole moments of the order 10'2"‘cm2, which is in

E proper agreement with experimentel facts (see ctart 1).
1 ! .
CHAPT T i
1y
Nucleus Quadrupole Koments 8
! B
Nucleus ! 2 2 l Nucleus Q10 i
it 7Y H !
/4 : :
g 202 Bl 425
B 300u65 70%173 4+ 3,9 |
e )
51088 o pt? + 509 |
) 31(’:&71 : 71Lu176 *7 i . ;
34¢ 33As'75 73“:1[:;; 46 )
- ser®? 75°e + 2t '
115 Re187 s e
wIn 75 9201 VN :
el o™ %08 I
2 I
63?3\1151 ‘ 384 - 0,4 i
In view of the clacsical and approximate nature of the examined Eﬁ ReRCEAR TR
oroblem, formula (11) does not oretend to be in & close agreement
§
with experimental results, but only gives the cerrect order of &

magnitude, As a result of this classical examination, the non- %
disappearance of the quadrupole moment in (11) for the spins equal L
to 1/2 (1 £ 1) also follows. XE
2. The Sign of the Quadrupole Moment of Nuclei. [
According to formulas (1.):')(10), the sign of quadrupole
moments is detcrn;xined by the sign orﬁ&z(the denominator of these ' |
expressions is positive), Positive quadrupole momente (stretched
out along the spin axis of the ellipsoid or'%%‘ws‘&‘) carrespond withto
positive values o!‘M that 19}::maitive surface energy(negative
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potentisl enorgy)Cuc to non-central forces, which holdsl\if ‘the

sign of the non-central interaction is chosen in accordance

L3
with the deutfon treory /3, &+
e introduced in testing the

The surface energles which w
osconic fluid

drop model are dependent,J:;e in the cese of a macr
drop,, upon forces having the cheracter of satvration, which
causez the energy of the system to be proportir:nu] to the number
of interacting particles. e took advantace of ‘this. fact in (5),
(5a) and (&), in the Jetermination of the naznitudes o,dl.'

discussed in theories of nuclear forcec

H
vy m The exchange forces .
' NOSSEss caturation, for example, ¢ in the syrmetrical meson ;
i

1!
theory,ﬁ;n which the function of interaction ofl two nuclear par-

S
ticles containc an operatox‘(%'g) operating on the "charged"

i Dhe ) M
coord‘i\rxlﬂe's\mfe)particlee. #e shall show that such an op-
n certain
ions lesde tolmathemn*ical terms in

erator, under certein condit

wvor hega

ssion for contact energy that £ Y
(
f

the expre
ise to saturation and create

moments, besides terms that give T

i
4
|

o
Eal

a positive quadrupole effect.
—non-central

‘Je shall illustrate the interaction v
. n -
F

ticles as follows:

UG = - () V() az2)

where N -
N Z

von =fo @@/ ()

Tn agreement with the deuteron theory, the function f (r) should be

is negative for conditions antisymmetrical

necative, Noreover, U (1,2)

~ed" coordinates (for instance, the barie trﬂyﬂ}\ s-d

in "charg
dyeferon condition) and is positive for conditions symmetrical
If the nuclear

4" coordinates (2 protone or 2 nevtrons).

in "charge
to theZaxis, thencexpression

model has particlee of epin parallel

' o damovae "ﬂ‘.‘,‘
gy
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(13) ascumee the form:

v($/2) "‘7[(") €03 29 (14)

‘@it
vgﬁ'aﬁg is the angle l‘ormed by t}\e radiur vactor of two.

particle- with the {axis. The wave !\mction of the nucleus can
be introduced in the form of a detemlnant, composed in the usual
. way £fom the functions (,\f,)) %(X,} Vs ¢N (XN), wher‘
xg 18 understood to be a combination of apatial and ncharzed" ’
coordinates (N 1sbthe total number of particles).

The votential energy of a nucleus according to the inter-

action (12) is:

u=h3 LIEO% cz>u(/2)¢,(o¢(z)dx,4xz
"/zZ ZW’W Ul DBOROD gy THK (P

Operator 1’\.311 be intrnduced by -means of Pauli matrices, effecting

the wave functions p, n of "charged" coordinates in the same

way as the ?pin operator?inﬂuenées the spin functions o, ,B .
B /xamining the 1ndividual wave functions V of particles in the

form of products ot spatial wave functions and functions rqr n, ¢

.AR the "proton®" or "nuutrgn" eondition of the particles, and La

denoting the upgtial wave functions of protons and neutrons

accordingly by ‘PF ¢ , WO obtain, in accordance with (12)_.

and (15), the following expressions for nexchange" 1ntoraction K and

ndirect" intor:action J:

K=

J = . (

) v . 17),
M\ 4ed hereare ond o
O exchango" integral K Athe Sovhbindd" densities of

’
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" protons and neutrons @

See
Egz 34;}’7 . (18)

The "direct” integral J has the usual densities:

' L
i ~
: 350
, f”ﬁ’w Z (19)
K is negative and is dependent upon

q
The "exchange" integral K

‘ ) the\geviousl considered positive quadrupole moment.
difference of

The "direct"

i
: interaction B is positive for a non-disappearing

proton and neutron density; the corresnondinf‘ surface energy is

nezative and for:s 2 negative quadrupole effect, One can evaluste
‘eccurring

interaction of tyre J,

§
- this effect, if one arsumes that the

Sor .
also central forces and leading to "non—saturation")does
A ©

not actually disturb the dependency of the radius of the nucleus
W73, .

uvron the atomic weight: R =T,
ae
e af e’/ the non-central and central forces

de and substitute the densities

to be of the seme order of magnitu
/) and P in (17) corresponding to the epin densities
gives the additional factor 12/1\ , and If/_t the function f£(r)

be the Yukaye potentisl: (‘"’wm'( ;ﬂf
- ¥r s ”

7[(")_:_5:' e /[fr (20)

then we shall obtain for

PP
, #hich -

and disregard the surface effect,
integral J with the help of (20) and (14) the following valuess

= (A (A= .zZ) E. /A E=g/h; “—/Cﬁ

e note, by the way, that this integra Kr the easo of central

forces is equal to(}/%-(l& - 2-2)2/A and corresponds with Bethe's
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The surface enerzy corresponding weh (21) (neg sative)

1

é 1e derived by multiplying (21) by ro/R = A‘1/3 The ratio
|

\

|

l

|

b&/ﬂ’ dependent 4on the basis of (4) and (1“),%?\0 quadrupole
1 diminich in comparison with (8) beceuse of the in-

momen:’ wil
oqual:lty in the numbers of protona and neutrons in the nucleus

The ratio

é
to a..%ﬁﬂ-ﬂﬁa of the order (i /A ) (A.zz) a2

ve quadrupole morent to the magnitude

of the magnitude of negati
18 of the order

of positive effect produced br non-central forces
(1/8) (A - 22)2 a?K1, i exact estimate of integral (
W’: in view of non-saturation, would probably

the negative

1’7) for

an ellipsoid of

give a larger value of the negative effoct, though

effect is considerably emaller than the positive.

P . —

the non-central nuclenr forces alvways give a |

nt, She—indbenbed Chart 1 (fee footnote 1)

xperimantallj measured

In this way

positive quadrupole moxme
11lustrates that in most nuclei the e
t ic actually positive and coincides as to order
caleulated by formula (11). Now end

ntered which are smalier

cude than the positive, 1025 cu? instead of 10

quadrupole momen

of magnitude with the values

then negative quadrupole moments are encau
24

ae to order of magni

°“‘2). The smallness of negative quadrupolo moments follows also

from the results of new omrinontal wor)ts. Apparently, this

to the action of other caueu and oc

sed by non-central muclear forces.

offeetd is due curs upon the

dissppearance of an effect cau

e
If we remain in the freamework of A drop model, it is necessarry

: ———————————
. Footnote 1t The chart i
one can find references

the quadrupole monenf. or
Je re” m

taken from the work of Inglis [/, where
correspond‘ ng sources The value of
1 yas taken from the work of Setmiat £4.
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to inspect the influence of miclear rotation upon the quadrupole

monent, Because of rotaticn, the nucleuvs along the spin axis

[ becomes quite flattened. Employing the {t‘e"xrn_f‘.kinotic enef':;yv’

< f the rotator (hz/ﬂ) k(K 1) Q( is the spin quentum number and
1 is the moment of :nertia)in our model of the nucleus, namely, an

revolution |
ellipsoid of aebevien; we obtains 2 i
-3

5
] T g ERDEKE ) AR = < | .
} kﬂtg“‘* AAAAA .Y " (22) |
‘ where QA;' b/a isratio of the axes of the ellipeoid (a ie the I

b axis of rotation and M is the mavs of the nuclear particle‘). Ir

\'.(
i
]
]
)

we examine this ¥inetic energy for ninimum total energy as &

i‘unctiono!‘the ‘parameter zﬁwu ehall obtain for the condition

of smallness of eccentricity ( ‘Ez' « \ 1) an additicnal term

in the left part of equation (2):
e/
— Kk~ L Ype’+ v

2341 ‘
In",f‘absence of the influence of non-central forces, we obtain:

a necative quadrupole moment ¢ ‘ Dl

- -1
Q=-27 erA%k(K*')["'o"’zzﬂ/Al (23)

As exprescsion (23) shows, the effect of rotation is not

B
Bty s SR £

el

sufficiently large to explain the negative quadrupole moments for
any suianle choice of K, Thus, in obtaining the qugdrupole moment
of 29c“ Qz=1" 10'25 cmz i¢ is necessary according to formula
(23) to ascribe to K the value €, which, because of the small spin
. value of this mucleus, is not very probable, althovgh large rotation
values do figure in Guggenheimer's plan M-

Another circumstance impelling ue to be sgeptical of the 1
rotational effect 1 the following: because of the presence

i ' of non-certrel forces, the orbitel moment of & mmber of motions in

g , \Ql.\"f‘lki\\\‘!ﬁ&ﬁ_

A
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a. complicated micleus, just as its own epin, is not ‘an integral )

i s e

motion.
It

The total moment of a mumber of motions is the total spin.

does not seem, therefore, very probabtle that theve covld be &

1
i
! ro\:?tational effect connected with the svin of the nucleus in those

cnses (nucleus with nezetive quadrupole moments) .vhere a stronger

]
{
l
|
effect it dve to non-central forces and iz olso connected with the

i
I ening.

(()\XHDW“M!VI i
[

Kiev Technological Institute of Light Industry Entered Editorial Office

7 June 1647
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